The identification of the antibacterial action of nalidixic acid (nx) was central to the development of the quinolone antibacterial compounds. The ability of the nx naphthyridyl ring to interact with and inhibit some proteins has encouraged the investigation of similar structures in the search for more active compounds with less adverse effects. The possibility of structural modification by attachment of other biologically active moieties to the naphthyridyl ring of nx allowed the development of new active antimicrobial molecules. Hydrazone derivatives of nx can be synthesized easily based on the condensation of the hydrazide derivative of nx with the desired aldehyde or ketone. Only a few complexes with nx hydrazone derivatives have been described but for none were the crystal structures elucidated. The synthesis of a new one-dimensional Cu II coordination polymer, methanol tetrasolvate], {[Cu 3 (C 16 H 15 N 6 O 2 ) 2 Cl 2 (CH 3 OH) 2 ]-Cl 2 Á4CH 3 OH} n , with the (1H-imidazol-4-yl)methylidene carbohydrazide derivative of nalidixic acid (denoted h4imi), is presented and its structure is compared to the density functional theory (DFT) optimized structure of free h4imi. The title structure presents an octahedral Cu II ion on an inversion centre alternating along a polymer chain with a square-pyramidal Cu II ion, with the two Cu II centres bridged by two chloride ligands. Hydrogen bonds involving chloride counter-ions and methanol solvent molecules mediate the three-dimensional packing of the polymer. Comparison of the geometrical results from the structure analysis with those derived from a DFT study of the free ligand reveal the differences that arise upon coordination.
The identification of the antibacterial action of nalidixic acid (nx) was central to the development of the quinolone antibacterial compounds. The ability of the nx naphthyridyl ring to interact with and inhibit some proteins has encouraged the investigation of similar structures in the search for more active compounds with less adverse effects. The possibility of structural modification by attachment of other biologically active moieties to the naphthyridyl ring of nx allowed the development of new active antimicrobial molecules. Hydrazone derivatives of nx can be synthesized easily based on the condensation of the hydrazide derivative of nx with the desired aldehyde or ketone. Only a few complexes with nx hydrazone derivatives have been described but for none were the crystal structures elucidated. The synthesis of a new one-dimensional Cu II coordination polymer, namely catena-poly[[copper(II)-di--chlorido-copper(II)-{-1-ethyl-N 0 -[(1H-imidazol-4-yl)methylidene]-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbohydrazidato}-[dimethanolcopper(II)]-{-1-ethyl-N 0 -[(1H-imidazol-3-yl)methylidene]-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbohydra-zidato}] dichloride methanol tetrasolvate], {[Cu 3 (C 16 H 15 N 6 O 2 ) 2 Cl 2 (CH 3 OH) 2 ]-Cl 2 Á4CH 3 OH} n , with the (1H-imidazol-4-yl)methylidene carbohydrazide derivative of nalidixic acid (denoted h4imi), is presented and its structure is compared to the density functional theory (DFT) optimized structure of free h4imi. The title structure presents an octahedral Cu II ion on an inversion centre alternating along a polymer chain with a square-pyramidal Cu II ion, with the two Cu II centres bridged by two chloride ligands. Hydrogen bonds involving chloride counter-ions and methanol solvent molecules mediate the three-dimensional packing of the polymer. Comparison of the geometrical results from the structure analysis with those derived from a DFT study of the free ligand reveal the differences that arise upon coordination.
Introduction
The discovery of the antibacterial action of nalidixic acid (nx) can be considered a milestone in the development of the quinolone antibacterial compounds (Aggarwal et al., 2010) .
The ability of the nx naphthyridyl ring to interact with and inhibit some proteins such as bacterial DNA gyrases has encouraged researchers to further investigate similar structures seeking more active compounds with less adverse effects (Emami et al., 2005) . Besides the quinolone series, the possibility of structural modification by attachment of other biologically active moieties to the naphthyridyl ring of nx allowed the development of new active antimicrobial molecules. In this context, hydrazone derivatives of nx play an important role due to their facile synthesis based on the condensation of the hydrazide derivative of nx with the ISSN 2053 ISSN -2296 # 2016 International Union of Crystallography desired aldehyde or ketone (Aggarwal et al., 2010; Aboul-Fadl et al., 2010; Bhat & Al-Omar, 2013) . Although several Ag I (Debnath et al., 2015) , Cu II (Biviá n-Castro et al., 2009; Mendoza-Díaz et al., 1987; Arjmand, Yousuf, Hadda & Toupet, 2014) , Pt II (Lee et al., 1995) and Zn II (Arjmand, Yousuf, Afzal & Toupet, 2014) complexes with nalidixic acid have been reported, only a few complexes with nx hydrazone derivatives have been described thus far (Deeba et al., 2013) ; for none of them has the crystal structure been elucidated. In this work, we report the synthesis and crystal structure of a one-dimensional polymeric Cu II complex with a carbonyl hydrazone derivative of nalidixic acid and imidazole-4carboxaldehyde, namely 1-ethyl-N 0 -[(1H-imidazol-4-yl)methylidene]-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbohydrazide (h4imi). The complex can be represented as {[Cu 1.5 (h4imi)Cl(MeOH)]ClÁ2MeOH} n , (I). The coordination numbers and coordination geometries of the two independent Cu II centres in the polymer have proved to be quite different from those suggested in the literature for similar compounds (Deeba et al., 2013) , suggesting that further structure analyses of similar complexes would be useful.
Experimental
Nalidixic acid (98%) and 1H-imidazole-4-carbaldehyde (98%) were purchased from Sigma-Aldrich. Copper chloride hydrate (99%), methyl chloroformate (99%), hydrazine hydrate (64%), dichloromethane (99%) and triethylamine (99%) were purchased from Vetec, Spectrum Chemical Mfg, Acros, LabSynth and Merck Laboratories, respectively. Triethylamine was purified by distillation with potassium carbonate, while dichloromethane was purified by distillation with phosphorous pentoxide (P 2 O 5 ) prior to the synthesis. Methyl chloroformate was purified by distillation.
Synthesis and crystallization
The synthesis of {[Cu 1.5 (h4imi)Cl(MeOH)]ClÁ2MeOH} n is summarized in Fig. 1 . A full description of the synthesis is presented in the Supporting information. Suitable crystals of the Cu II complex were obtained after two weeks by slow evaporation of the mother liquor. The synthetic procedure for the preparation of the h4imi ligand and its copper(II) complex. Circled numbers '1' and '2' refer to atom Cu1 and the h4imi ligand of the extended structure, respectively. The five-and six-coordinated Cu II ions are represented with complete coordination spheres. For the sake of clarity, methanol solvent molecules, chloride counter-ions and molecular charges have been omitted. The abbreviation 4-imi means imidazole-4carbaldehyde.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . H atoms were placed at idealized positions and refined as riding atoms. Methyl groups were allowed to rotate but not to tilt. The OH groups of the methanol molecules were permitted to rotate about the local C-O bond. Isotropic displacement parameters for the H atoms were set at xU eq of their local bonding partners, with x = 1.5 for Me and OH groups, and x = 1.2 for all others. A difference Fourier map revealed disorder in the ethyl group, which was refined as a pair of partially occupied congeners with occupancies of 0.674 (4) (C9C and C10C) and 0.326 (4) (C9D and C10D). The anisotropic displacement parameters of the chemically equivalent atoms of the two disorder groups were constrained to be equal, and loose restraints to isotropic behaviour were applied to all of the atoms of the disorder assembly.
Molecular modelling
The theoretical calculations were carried out using density functional theory (DFT) with a PBE0 hybrid functional (Adamo & Barone, 1999) and the def2-TZVP basis set (Eichkorn et al., 1997) for all atoms using ORCA software (Neese, 2012) . The geometric optimization was performed with a convergence criterion of 10 À8 a.u. for the density and 10 À5 for the gradient. The RIJCOSX method (Izsak & Neese, 2011) was used for the calculation of the exchange energy, using the standard number of points for the grid calculations. The h4imi structure was confirmed as the minimum of the potential energy surface (PES) using the same level of theory. All figures were plotted using JMOL (an open-source JAVA viewer for chemical structures in three dimensions; http:// www.jmol.org).
Results and discussion
The asymmetric unit of the title one-dimensional Cu II coordination polymer {[Cu 1.5 (h4imi)Cl(MeOH)]ClÁ2MeOH} n , (I), is presented in Fig. 2 . The polymeric complex (see Fig. S1 in the Supporting information) crystallizes in the C2/c space group and the asymmetric unit contains two Cu II ions (one on a centre of inversion), one h4imi ligand, two chloride ions and two methanol molecules. One of the two chloride ions (Cl2) is coordinated to atom Cu1, and one of the two methanol molecules is coordinated to atom Cu2. The second chloride is uncoordinated, acting as a counter-ion, and the second methanol molecule is also uncoordinated.
The bond lengths and angles in the h4imi fragment are in good agreement with those of other nx hydrazone derivatives reported in the literature (Deeba et al., 2009a,b) . Moreover, this fragment is negatively charged (deprotonated at N4) and, since the synthesis was performed in a non-alkaline medium, the loss of this H atom occurs in concert with the coordination.
The h4imi ligand is coordinated to both Cu II ions, i.e. Cu1 and Cu2. In the case of Cu1, which lies on a general position, h4imi coordinates through the O1 atom of the naphthyridyl ring, the N4 atom of the hydrazone group and the N2 atom of the imidazolyl group. Atom Cu1 is five-coordinated, with square-pyramidal geometry (Fig. 2b ). Beyond the three sites occupied by the h4imi ligand, atom Cu1 is coordinated by Cl2 and Cl2 i [symmetry code: (i) Àx + 1, y, Àz + 1 2 ]. The parameter, which differentiates between trigonal bipyramidal and square-pyramidal geometries, is 0.14, which describes a geometry close to that of an ideal square pyramid (Spek 2009; Addison et al., 1984) .
The two congeners of Cl2 coordinated to atom Cu1 bridge this centre and a symmetry relative ( Fig. 2b) , with a Cu1Á Á ÁCu1 ii nonbonding interaction of 3.4888 (5) (7) Symmetry code: (i) Àx + 1, y, Àz + 1 2 .
metry code: (ii) Àx + 1 2 , Ày + 3 2 , Àz + 1]. The Cu 2 Cl 2 fragment sits across a crystallographic twofold axis. The mean CuÁ Á ÁCu distance for 58 entries in the Cambridge Structural Database (CSD; Version 5.37 of February 2016; Groom & Allen, 2014) containing (N,N 0 ,O)(di--Cl)-pentacoordinated Cu II ions, was found to be 3.5 (1) Å , in good agreement with the present result.
Atom Cu2 lies on a centre of inversion. It has octahedral geometry ( Fig. 2c) and is coordinated by atoms O2 and N3 of the h4imi ligand and by their inversion-related congeners at (Àx + 1 2 , Ày + 3 2 , Àz + 1). The coordination sphere is completed by a methanol O3 atom and its inversion-related equivalent. The long Cu2-O3 distance of 2.5070 (16) Å may be a result of Jahn-Teller distortion. The mean Cu-N(L), Cu-O(L) and Cu-O(H)CH 3 distances for 11 entries found in the CSD, containing Cu II centres in an octahedral environment similar to that at Cu2, were 1.99 (3), 1.96 (3) and 2.47 (7) Å , respectively. The analogous distances at Cu2 are 1.9593 (15), 1.9110 (12) and 2.5070 (16) Å , which are in reasonably good agreement with the previous literature.
The larger number of coordination sites on h4imi, as compared to its precursor nx, and the spatial disposition of those sites, facilitate the formation of the coordination polymer (see Fig. S1 in the Supporting information). The Cu-L distances are collected in Table 2 .
A number of directed noncovalent interactions mediate the three-dimensional structure. These include the hydrogen bonds O3-H3Á Á ÁCl1 iii [O3Á Á ÁCl1 iii = 3.066 (2) Å ; symmetry code: (iii) x À 1 2 , y + 1 2 , z], N1-H1Á Á ÁCl1 iv [N1Á Á ÁCl1 iv = 3.022 (2) Å ; symmetry code: (iv) x, y + 1, z] and O4-H4AÁ Á ÁCl1 [O4Á Á ÁCl1 = 3.123 (2) Å ], in which the chloride ion interacts with species of different asymmetric units (Fig. 3) .
The angle between the mean planes of successive h4imi fragments along the polymer chain, on opposite sides of the dichloride bridge at Cl2 (see Fig. S2 in the Supporting information), is 1.63 (3) ; the links are nearly coplanar.
No crystal structure analysis of the free ligand h4imi has been reported, so its optimized geometry was calculated using density functional theory (DFT) and compared to that of the ligand in the complex. The optimized structure of h4imi is presented in Fig. S3 of the Supporting information. The DFT results, including atomic coordinates for the optimized structure, selected bond lengths, angles and torsion angles, are collected in Tables S1, S2, S3 and S4, respectively. The main structural difference between coordinated and uncoordinated h4imi relates to elongations of the C7-O1, C5-O2 and N3-N4 bonds, which have lengths of 1.262 (2), 1.272 (2) 
Computing details
Data collection: APEX2 (Bruker, 2013) ; cell refinement: SAINT (Bruker, 2013) ; data reduction: SAINT (Bruker, 2013) ; program(s) used to solve structure: SHELXT (Sheldrick, 2015a) ; program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015b) ; molecular graphics: OLEX2 (Dolomanov et al., 2009) ; software used to prepare material for publication: OLEX2 (Dolomanov et al., 2009) . oxo-1,4-dihydro-1,8-naphthyridine-3-carbohydrazidato}-[dimethanolcopper(II)]-{µ-1-ethyl-N′-[(1H-imidazol-3- 7-methyl-4-oxo-1,4-dihydro-1,8- 
catena-Poly[[copper(II)-di-µ-chlorido-copper(II)-{µ-1-ethyl-N′-[(1H-imidazol-3-yl)methylidene]-7-methyl-4-

yl)methylidene]-
Special details
Experimental. SADABS-2014/5 (Bruker,2014) was used for absorption correction. wR2(int) was 0.0498 before and 0.0405 after correction. The Ratio of minimum to maximum transmission is 0.9269. The λ/2 correction factor is 0.00150. Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (7) 0.0037 (7) −0.0028 (7) N1 0.0199 (8) 0.0218 (8) 0.0351 (9) −0.0096 (7) 0.0068 (7) −0.0010 (7) C1 0.0194 (9) 0.0189 (9) 0.0343 (11) −0.0051 (8) 0.0080 (8) −0.0013 (8) C3
0.0160 (8) 0.0177 (9) 0.0219 (9) −0.0021 (7) 0.0041 (7) −0.0002 (7) sup-4
Acta Cryst. (2016). C72, 544-548 C4 0.0162 (9) 0.0149 (8) 0.0249 (9) 0.0018 (7) 0.0060 (7) 0.0000 (7) N3 0.0137 (7) 0.0142 (7) 0.0203 (7) 0.0001 (6) 0.0061 (5) 0.0005 (6) (7) −0.0005 (6) 0.0001 (7) C13 0.0249 (10) 0.0197 (9) 0.0190 (8) 0.0087 (8) −0.0022 (7) −0.0014 (7) C12 0.0201 (9) 0.0259 (10) 0.0196 (8) 0.0095 (8) 0.0016 (7) −0.0024 (7) C11 0.0158 (9) 0.0235 (9) 0.0168 (8) 0.0045 (7) 0.0019 (6) 0.0006 (7) C8 0.0136 (8) 0.0187 (9) 0.0141 (8) 0.0042 (7) 0.0004 (6) −0.0005 (6) C14 0.0352 (12) 0.0199 (10) 0.0311 (11) 0.0097 (9) 0.0029 (9) −0.0032 (8) N4 0.0123 (7) 0.0134 (7) 0.0159 (7) 0.0014 (5) 0.0041 (5) 0.0005 (5) O3 0.0258 (7) 0.0222 (7) 0.0336 (8) −0.0020 (6) 0.0088 (6) −0.0022 (6) O4 0.0375 (11) 0.108 (2) 0.0586 (13) 0.0008 (12) 0.0000 (9) −0.0433 (13) C17 0.0439 (15) 0.0617 (18) 0.0333 (13) −0.0011 (13) 0.0017 (11) −0.0019 (12) C15A 0.0185 (8) 0.0213 (11) 0.0430 (16) −0.0039 (7) 0.0045 (10) 0.0080 (11) C16A 0.0185 (8) 0.0213 (11) 0.0430 (16) −0.0039 (7) 0.0045 (10) 0.0080 (11) C15B 0.0185 (8) 0.0213 (11) 0.0430 (16) −0.0039 (7) 0.0045 (10) 0.0080 (11) C16B 0.0185 (8) 0.0213 (11) 0.0430 (16) −0.0039 (7) 0.0045 (10) 0.0080 (11) Geometric parameters (Å, º) 
